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referred for specialised care from the Western Cape and further afield. Procedures included escharotomy, dressing changes, application of a biosynthetic skin substitute or allograft, skin grafting or wound preparation for subsequent grafting, anaesthetic services for placement of central lines, evaluation of inhalational injury, removal of surgical clips, and wound preparation of septic or neglected burns. These procedures took place during 2013 -2016 . In 2013, 1 196 patients were admitted and 685 operated on, during 2014, 1 102 were admitted and 592 operated on, while in 2015, 1 133 were admitted and 599 operated on. These operative numbers included all the subgroups of the surgical procedures. Many of these patients were referred to the unit late from beyond the catchment area for the management of complicated burns. The children were taken to theatre only when they were haemodynamically and biochemically stable. Paracetamol, clonidine and gabapentin were routinely administered to all children as ward medication. The dedicated burns theatre was preheated to 28.0 -32.0°C to aid in maintaining normothermia. General anaesthesia was always administered, with an inhalational agent or ketamine infusion as maintenance. The airway was managed in one of the following three ways: nasal oxygen; laryngeal mask; or intubation. Only when the World Health Organization (WHO) surgical check list was completed, was the placement of monitors, induction of anaesthesia, securing of the airway, placement of lines and dressing removals performed.
The entire patient, including the donor and recipient areas, was washed with chlorhexidine soap 1%, followed by the topical application of 0.006% sodium hypochlorite solution for 20 minutes. [4] Standard surgical techniques were used for tangential or fascial excisions, escharotomy, wound debridement and applications of synthetic skin substitutes or allografts. [4] [5] [6] The amount excised at each procedure depended on the stability of the patient, size of the burn, availability of auto-and allografts or skin substitutes, volume of blood loss incurred during the procedure, and critical care considerations. Various blood conservation techniques were used, including diathermy coagulation, suture ligation, calcium-enriched alginate dressings and topical application of swabs or bandages soaked in 1:30 000 adrenaline solutions. During the latter half of the audit, subeschar injections (clysis) of bupivacaine and adrenaline to the selected recipient and donor site/s were routinely given. [7] Clysis formulation
• One ampule bupivacaine (10 mL = 50 mg) + 1 ampule adrenaline (1 mL = 1 mg) mixed together to total 11 mL.
• An amount of 4.4 mL of this mixture should be added to 200 mL normal saline or Ringer's lactate.
• This constitutes a formulation of bupivacaine 0.01% and adrenaline 1:500 000.
• Maximum dose of this solution: 20 mL/kg.
• It can then be administered into the subeschar and donor area before or immediately after procurement.
The need for blood transfusion was determined by haemoglobin concentration, cardiovascular stability, and likelihood of continued blood loss, as judged by the anaesthetist. Only packed red cells were used. Patients were transferred from the recovery room to the burns unit when they were alert, cardiovascular and respiratory functions had stabilised, pain control was good, and they were normothermic.
Results
A total of 558 consecutive children were operated on, all under the supervision of the main author; 257 were males and 301 females. Their average age was 50.1 (1 -154) months ( Fig. 1 ) and average weight 19.5 (4 -60) kg. Their demographic profile is depicted in Table 1 . As expected, hot liquid and fire were the most common causes of burns, 206 children had deep partial-thickness burns, and 277 had full-thickness burns. TBSA burnt ranged from 1% to 80%, with an average of 23.5%. Children were significantly compromised at the time of surgery. Inhalational injury was present in 63 (11.3%), pneumonia in 73 (13.1%), wound sepsis in 116 (20.8%), septicaemia in 54 (9.7%), and 34 (6.1%) had more than one organ dysfunction. Antibiotics were commenced prior to surgery in 162 children; an additional 40 were not administered antibiotics before the operation, but received an intraoperative dose. Antibiotics were continued postoperatively in 138 children.
Central lines were placed in 126 children. These were used in patients with large burns, or where peripheral access could not be attained in smaller burns. Ultrasound imaging was used as guidance for central line placement in all cases. Until the initiation of preoperative fasting, feeding was provided orally to 344 children and via nasogastric tube to 214. Oral premedication was given to 345 children. Midazolam was administered to the majority (n=271), followed by clonidine 
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(n=27), and a combination of trimeprazine and droperidol (n=21). No premedication was given to children who were on sedation in ICU, those <1 year of age, <10 kg, or for emergency procedures. The average theatre temperature was 30.0°C (21.7 -36.2°C). The mean initial core temperature was measured as 36.9°C (34.0 -40.0°C) at the beginning of the surgical procedure, as 36.8°C, (29.8 -40.0°C) halfway through the procedure, and as 36.5°C (33.0 -40.0°C) at the conclusion of the procedure. The lowest postoperative temperature recorded was 33.0°C in a child with a 56% TBSA, in whom 25% was excised and grafted, with a theatre temperature of 32.0°C. One child was hyperthermic at the conclusion of the procedure. His TBSA burnt was 53%, he had pneumonia and organ failure, and wound debridement was performed.
A list of anaesthetic agents used in conjunction with each of the three methods of airway management is given in Table 2 .
Induction of anaesthesia was either with sevoflurane or an intravenous agent (propofol or ketamine), depending on availability of intravenous access and patient preference (especially in older children). After induction of anaesthesia and establishment of intravenous access, sevoflurane would usually be discontinued to save costs, and replaced with isoflurane for maintenance or a total intravenous anaesthetic (TIVA) using ketamine. Where ketamine TIVA was used in children who were taken to theatre unintubated, spontaneous respiration could be maintained with the addition of nasal oxygen and measurement of capnography via nasal cannula. Some children had increased ketamine requirements owing to tolerance or pharmacokinetic changes, which required the addition of low concentrations of an inhalational agent via nasal cannula. In some patients propofol was added to ketamine TIVA to ensure adequate depth of anaesthesia.
Ketamine was not only used for TIVA, but was also added to isofluranebased techniques in analgesic doses. Morphine, ketamine and intravenous paracetamol formed the basis of most analgesic combinations. As most ward patients received regular paracetamol, dosing in theatre had to be timed to match the ward prescription, or had to be omitted to prevent overdosing. In a few patients in whom pain control was particularly challenging, clonidine was administered intravenously. Clonidine also decreases requirements for anaesthetic agents and opposes the sympathomimetic effects of ketamine; therefore, additional postoperative sedation may be beneficial in some patients. Fentanyl was of particular use during procedures with short-lived stimulation and/or with little postoperative pain. When combined with longer-acting agents, such as morphine, this allowed for a higher turnover of patient numbers. Table 3 displays the total anaesthetic and surgical times and, in addition, anaesthetic and surgical times in relation to the time per percentage burn. The administration of safe anaesthesia in small compromised children was done taking all precautions into account.
The various surgical procedures performed are depicted in Fig. 1 , and consisted of wound debridement and preparation, tangential and full excisions, placement of biological dressing, removal of clips, Meek micrografting and the application of allografts. The time interval from sustaining the burn to the various surgical procedures is depicted in Fig. 2 .
The average preoperative haemoglobin was 11.3 (6.5 -17.2) g/dL and the average postoperative haemoglobin at the conclusion of the operation was 9.6 (5.4 -15.1) g/dL.
A total of 143 children required blood transfusion for split skin grafts, as the only procedure with a mean TBSA of 7 (1 -45)%. These children received on average 254 mL of packed red blood cells (50 -1 000 mL). Of these, 114 received clysis, with an average TBSA of 10 (1 -28)%. The blood volume transfused was 233 (60 -720) mL, equating to a 1.36 mL/kg/% burn. Clysis has now become the standard of care and should not be omitted.
Adverse intraoperative events were seen in 98 (17.6%) children. Hypothermia (<35°C) was present in 15, equipment failure occurred in 14, and airway problems in 29. The last included intraoperative extubation (n=3), bronchospasm (n=4), postintubation stridor (n=14) and respiratory arrest (n=1). Of the children who suffered stridor, it was noted that 5 had upper-respiratory tract infections and 9 the laryngeal mask airway (LMA) for airway maintenance. Upper-respiratory tract infections occurred in 4 children with bronchospasm. Airway patency was secured with endotracheal tubes in 3 child ren and with LMA in 1 child. In the child with respiratory arrest circumferential thoracic bandaging was too tight; it had to be released to restore spontaneous respiration. One child woke up during surgery (ketamine tachyphylaxis) and 6 children had delayed anaesthetic reversal. Five children were hypotensive at the end of the surgical procedure following large excisions and slow replacement of blood loss. Excessive bleeding was encountered in 35 children.
Furthermore, we commonly use two concentrations containing adrenaline -one for topical use only at 1:30 000 IU and the other at 1:500 000 IU for subcuticular clysis in the management of intra operative haemostasis. After the review was completed, these two solutions were exchanged in error, resulting in the higher concentration of adrenaline being injected subcutaneously for haemostatic purposes. Consequently, there were a few hours of extreme elevation in systolic blood pressure of 220 mmHg. Fortunately, the pharmacological effect resolved rapidly, with no adverse consequences. Since then, two drops of methylene blue have been added to the topical adrenaline routinely to avoid future complications.
Discussion
Burn care in South Africa (SA) is predominantly emergency driven, where a large number of burnt children are often being operated on 
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by surgeons who lack the tools or training in centres that are not dedicated burn units. [8] This audit of surgical practice, in an established paediatric burn centre, is the first of its kind in SA. It could therefore serve as a reference point for the basic requirements needed to achieve reasonable outcomes in an environment of severe fiscal restraints, inadequate facilities and inexperienced personnel. As the unit also serves as a referral centre, many neglected, septic, failed surgical procedures or compromised patients were referred for rescue or further surgical procedures. Many of these patients came from very poor socioeconomic environments, with less than ideal hygienic standards, and with nutritional deficiencies and concurrent infections. They often required a period of preparation outside of the unit's procedural standards before surgical procedures could be performed.
Transport to theatre and transfer of the patient from the bed onto the operating table must be safe and comfortable for the child, with one of the parents in attendance. [1, 2, 9] We are fortunate to have a dedicated burns theatre with the required facilities for heating, correct anaesthetic equipment, specially designed operating table and appropirate consumables (Fig. 3) .
Every effort was made to premedicate the children with sedatives and anxiolytic agents to alleviate fear and pain, and to reduce adverse physiological and long-term psychological effects. Premedication was withheld from infants, those on intravenous morphine or sedation in the ICU, and emergency cases.
Preoperative fasting was scheduled not to exceed 6 hours, but in cases of large burns, with frequent visits to theatre, nasojejunal tube feeds were administered up to 2 hours before the scheduled procedure. The standard practice in this unit is not to give continuous nasojejunal feeding intraoperatively, although there is evidence to 
suggest that doing so does not increase the risk of aspiration.
[10]
Vascular access, especially in small infants, was trying. At times it was necessary to place catheters through burnt tissue and to use ultrasonographic guidance to check patency and locate vessels. The preferred route in small surface area burns was peripheral, and in larger burns, either the internal jugular, subclavian or femoral routes were used. Routine anaesthetic monitoring was used in most cases, reserving invasive monitoring for cases where massive blood loss was anticipated. It often required crea tive nonstandard thinking and moving monitors during surgery, as different areas were operated on in turn. Securing the airway may be challenging. The Gray-Rode technique of securing a naso-or orotracheal tube has proved an indispensable method for patients requiring frequent positional changes and when surgery to the face and head was required. [11] The anaesthetic method was dictated by patient needs, the anticipated procedure, individual choice of anaesthetist, and if the trachea had been damaged by an inhalation injury or previous intubation. [2] In general, three techniques were used for airway management, i.e. tracheal intubation, supraglottic airway (LMA), or spontaneous ventilation with supplemental oxygen via nasal cannula as part of a ketamine TIVA. Maintenance of anaesthesia was either with isoflurane or ketamine TIVA. A supraglottic airway has the advantage of being noninvasive, but is often inappropriate in patients with facial burns, or where changes in patient positioning are planned. In the latter, the choice lies between endotracheal tube (ETT) intubation or ketamine TIVA without manipulation of the airway. Table 4 lists some benefits and drawbacks of each of these techniques. The series by McCall et al. [12] with burnt children demonstrated that the use of LMAs was a safe and efficacious method to maintain an open airway.
Adverse respiratory events directly related to the method of anaesthesia were seen in 3% of the children, which represents the highest incidence among all surgical theatres in our theatre complex. Factors contributing to this included preceding upper-respiratory tract infections (50%), inhalational injuries, use of the LMA system (55%) and ETT intubation in children with upper-respiratory tract infections.
Fibreoptic intubation was very rarely needed, even with compromised upper-airway burns. We have found video laryngoscopy to be very useful in some situations. No tracheostomies were performed.
Hypothermia was a significant problem. Utmost care was taken to maintain core body temperature during the intraoperative period, but despite this the lowest core temperature recorded was 33.0°C. Preventable measures included a very uncomfortable ambient theatre temperature of 28.0 -32.0°C and warmed intravenous fluids. On average, there was only a 1.0°C decrease in core temperature.
Since the introduction of routine preoperative washing with warm chlorhexidine soap 1% followed by the topical application of sodium hypochlorite 0.006% as standard of care of our practice, donor site Pseudomonas infections are not as common as previously seen. [4] Burn surgery comprises 11% of all surgical procedures performed annually in the operation suite and the unit's philosophy follows a standard surgical approach to burn care. [13] Partial thickness wounds were treated with short-and long-acting topical antiseptic agents, while burns of an indeterminate depth (especially hot water burns) were observed and dressed for 10 -14 days before the final decision whether to operate was made. Deep burns were excised and grafted as soon as the patient was stable. The amount excised at each procedure depended on the stability of the patient, burn size, availability of auto-and allografts or skin substitutes, volume of blood loss incurred during the procedure, and critical care considerations. Colostomies were performed only for major gluteal, perineal and upperthigh burns.
Unfortunately, many of the procedures were delayed or done outside the ideal Blood loss during surgery may be substantial from the excised and donor sites. [7, 14] Blood loss was not measured calorimetrically, the transfusion volume was based on the presurgical haemoglobin level, and the volume transfused was decided clinically by the attending anaesthetist. Fresh-frozen plasma was not used. There are many techniques to reduce blood loss. Pre-excisional clysis of the recipient area and post-procurement clysis of the donor site/s have become standard practice to reduce bleeding from the donor and recipient areas. [7] We have not observed any cardiac arrhythmias following clysis, but would caution about its routine use with pre-existing cardiac abnormalities, especially in conjunction with inhalation anaesthesia. This technique does not compromise burndepth assessments or impair graft survival.
Adverse intraoperative events are to be anticipated in a setting of often critically ill children. Factors such as haemodynamic and respiratory compromise, altered pharmaco dynamics, frequent positional changes, large excisions, rapid blood loss and a high risk of hypothermia all need consideration. Despite measures to prevent or minimise adverse events, 95 children were compromised, often with life-threatening complications, including hypothermia or adverse airway problems (including respiratory arrest, waking up during surgery, delayed recovery from anaesthesia and hypotension). Of note, most of the anaesthetic and hypothermic complications occurred in infants.
As this was a retrospective analysis, a limitation identified was missing information. It was calculated to be approx imately 2% of our captured data.
Burnt patients, depending on the stage of their burn, can have significantly altered inter-and intra-individual variations in drug pharmacokinetics and pharmacodynamics. Such studies fell outside the scope of the current article.
Conclusion
The burnt child faces significant challenges peri-operatively. This review of our operative practice provided insight into existing therapeutic approaches, with the following conclusions: the environmental temperature must be adequate to ensure normothermia; cognizance must be taken of the potential for rapid blood loss; and preceding upper-respiratory tract infections often lead to laryngobronchospasm. However, the need for surgery cannot be indefinitely postponed, and therefore will always put the respiratory system at risk. This may require hypervigilance on the part of the anaesthetist. Owing to the potential adverse effects of blood transfusions, blood loss must be minimised by the use of clysis.
